A bioassay method for the polyene antibiotics nystatin and amphotericin B is proposed based on the measurement of the efflux of rubidium ions from a rubidium-loaded yeast culture challenged with the antibiotics. For this purpose a major proportion of the intracellular K+ ions in a Saccharomyces cerevisiae culture has been substituted by Rb+ ions. The rubidium leakage is measured by atomic absorption spectrophotometry, and a straight-line, dose-response correlation has been obtained for both antibiotics.
A bioassay method for the polyene antibiotics nystatin and amphotericin B is proposed based on the measurement of the efflux of rubidium ions from a rubidium-loaded yeast culture challenged with the antibiotics. For this purpose a major proportion of the intracellular K+ ions in a Saccharomyces cerevisiae culture has been substituted by Rb+ ions. The rubidium leakage is measured by atomic absorption spectrophotometry, and a straight-line, dose-response correlation has been obtained for both antibiotics.
It has been recognized since the early 1960s that one of the principal effects of polyene antibiotic action on susceptible microorganisms is the leakage of vital cytoplasmic constituents from the cells (8) (9) (10) (11) . The work of Sutton et al. (11) and Marini et al. (10) highlighted the leakage of K+ ions and NH4+ ions particularly. Since these early papers, many authors have examined induced potassium efflux from yeast cells by polyenes (4, 5, 7, (12) (13) (14) .
From some of the literature referred to above a correlation between polyene concentration and potassium efflux can be identified, and the prognosis for a possible rapid bioassay of this class of antibiotics, by measuring ion release from cells, is good.
Smithler To overcome this problem, an alternative ion, which could be introduced into the yeast cells without affecting their viability or membrane function but which had a very low level of natural occurrence, was sought.
To reproduce as closely as possible the characteristics of K+ ion leakage across the nystatin-impaired yeast cell membrane, it is necessary to find an ion of like charge and ionic radius. K+ ions exist in solution in a hydrated form, and the hydrated ionic radii of K+ (0.232 nm) and Rb+ (0.228 nm) are very similar, as are the ionic mobilities of these two ions.
Rubidium ions are known to be well tolerated by erythrocytes, and an examination of the literature revealed a number of papers reporting the uptake of Rb+ ion by the yeast S. cerevisiae (1) (2) (3) . Rubidium can also be determined at low levels with precision by atomic absorption spectrophotometry. It was therefore decided to examine the feasibility of using Rb+ uptake and subsequent release from yeast cells by the action of the polyene antibiotics nystatin and amphotericin as a bioassay system. The work reported here clearly shows such a system to be feasible in that a linear dose-response relationship can be obtained.
MATERIALS AND METHODS
Yeast culture. S. cerevisiae SQ.1600 (from the Squibb Culture Collection) was used throughout. Antibiotics. Nystatin and amphotericin B were used in this study. (i) Nystatin stock solutions were prepared in dimethyl formamide (DMF) at a concentration of 8,000 units of activity (U) per ml. Further dilutions were made in DMF to concentrations of 6,000, 4,000, and 2,000 U/ml. (ii) Amphotericin B stock solutions were prepared in DMF at a concentration of300 ,ug/ml. Further dilutions were made in DMF to concentrations of 225, 150, and 75 jAg/ml. Rubidium leakage. A 0.01-ml sample of each of the above nystatin or amphotericin B solutions was added to 10 ml of the cell suspension in universal bottles. These were immediately shaken and placed in a 370C incubator for exactly 30 min. A 10-ml amount of the cell suspension containing 0.01 ml of DMF and 10 ml of the untreated cell suspension were incubated with samples as controls.
After 30 min the suspensions were immediately centrifuged at 5,000 rpm for 5 min, and the supernatant solutions were removed. The supernatant solutions were then examined for Rb+ ion concentration using a Southern Analytical A3000 atomic absorption spectrophotometer with a conventional rubidium-sensitive hollow-cathode lamp source (784.5 nm) and an air-acetylene flame. The instrument was calibrated with standard rubidium chloride solutions in distilled water before and during each test run.
ANTIMIcROB. AGENTS CHEMOTHER. Figure 1 shows this to be a linear arithmetic response, and this is confirmed by the coefficient of linear correlation in Fig. 1 . It has been found that, once initiated, the release of Rb+ ions from yeast cells, similarly to K+ ions, is a continuous process until all Rb+ or K+ is depleted. Not only is the release of the ions time dependent, but it is also temperature dependent, and 30 min at 37C have been found to be the optimum conditions for a satisfactory dose response.
Data produced from rubidium ion leakage measurement has been found to correlate well with that produced with potassium ion leakage measurements in the absence of extracellular K+ contamination, and therefore the substitution of K+ ions by Rb+ ions would appear to be valid.
In summary, the assay of polyene antibiotics by measurement of ion leakage from susceptible cells is feasible. A linear response can be produced with both nystatin and amphotericin B.
